Abstract. In the single-mode fiber, the cascaded symmetric taper was pulled out and it has formed Mach-Zehnder interferometer(MZI), which was put into the optical fiber loop mirror and a different refractive index environment. Theoretical and experimental study on the improvement of the filter characteristics and the sensing characteristics of the sensor. The interferometer has a low insertion loss, stable performance, compatibility, etc, which can be used in optical fiber communication and fiber sensing field.
Introduction
As a new optical fiber processing technology [1, 2] , tapered fiber has many advantages, such as low insertion loss, light weight and compatibility, widely used in fiber coupler, super continuous light sources and filters. The tapered fiber [3] changes the optical properties of the fiber by changing the physical parameters of the fiber. The single-mode fiber changes the fiber outer diameter so that its transmission mode changes along the axial distribution [4] [5] [6] [7] . The part of the light energy transmitted in the core is coupled into the cladding in the form of evanescent field to form the Mach-Zehnder interferometer structure [8] , thereby changing the optical signal in the single-mode fiber propagation characteristics. In this paper, it is proposed to place the cascade cone structure in different refractive index liquid and put it into the Sagnac ring to form a new type filter to meet the requirements of low cost and tunable. Figure 1 shows the structure of the M-Z interferometer composed of cascade fine taper. The use of Zhongtian ordinary single-mode fiber in the fused taper machine pull two symmetrical slow cone to form the M-Z interferometer. With the decrease of the fiber radius, the energy of the transmission in the core diffuses into the cladding, and the mode field diameter increased with the decrease of the fiber radius. When the radius is reduced to a certain extent (40um), the cladding and air interface begin to affect the light field in the fiber, limiting the mode field to increase, but the dominant role is the diffusion of the mode field in the core, the radius is still increasing; When the radius is reduced to 25um, the influence of the cladding and air interface on the optical field in the fiber has been canceled with the diffusion ability of the mode field in the core, at this time, the maximum field radius is about 14.8um; When the radius continues to decrease, the air and cladding limits play a dominant role, and the mode field radius decreases as the radius of the fiber decreases; When the fiber radius is reduced to 0.5um, the cladding base mode is only left in the cladding. By controlling the waist diameter of the tapered optical fiber, a cladding mode and the core mode are interfered with each other to form an all-fiber M-Z interferometer. The transmission spectrum function is expressed as: 
Principle Cascade Fine Taper Principle
L2 is the interval between the two cones(the length of the sensing arm), ncald, ncore are the effective refractive index of the cladding mode and the core mode,  is the wavelength of the incident optical signal. Peak interval:
(2) From equation 2, it can be seen that the peak interval and the cone interval are inversely proportional. Figure 2 shows the structure of the M-Z interferometer composed of cascade Bitaper. The Bitaper refers to the M-Z interferometer that is based on two waist-enlarged fiber tapers. The waist-enlarged fiber taper is formed by pressing the optical fiber during the welding of the fusion splicer so that its diameter becomes large.
Cascade Bitaper Principle
The optical path of the base mode is:
,the optical path of the cladding mode is:
, when the optical signal through the fiber, the optical path difference is:
, where L1 and L2 are approximately equal 1 2 L L L   , so the above formula can be simplified X=L* n, n= ncore -ncald. The phase difference between the base mode and the cladding mode is:
When the broadband light source (BBS) passes through the cascaded bitaper, its output spectrum can be displayed by a spectroscopic analyzer (OSA). The wavelength of the light intensity enhancement point is:
When m is an integer, the wavelength interval is obtained from equation 3:
Sagnac Fiber Ring Mirror Principle
The high birefringence fiber ring mirror filter is composed of a certain length of HBF, 3dB coupler, a polarization controller (PC) and a number of ordinary single-mode fiber (ZTT) combination, as shown in figure 3 . The optical signal is input from the port of the coupler and divided into two directions in opposite directions. The phase difference is generated by the polarization controller to generate interference. In this paper, the use of ZTT HBF parameters: L is 0.08m, Δn is 0.5*10 -3
, the corresponding transmission spectrum curve shown in figure 4 . From the figure can be obtained cycle is about 60nm, which is roughly consistent with the theoretical calculation of the cycle. When the wavelength is 1550nm, the cycle is calculated as: 
The experiment is the same as the theoretical result, the experiment is relatively stable.
Experimental and Analysis

Cascade Fine Taper Forms a Different M-Z Interferometer
By inputting the broadband light source as a light source to the single-mode optical fiber, the other end of the single-mode optical fiber is connected to the spectral analyzer to record the light transmission spectrum. At the beginning, a fine taper ( Figure 5 ) is made by means of a fused biconical taper machine. After a certain distance, a fine taper with exactly the same parameters is produced, followed by removal of the coating of the intermediate fiber. The taper structure was directly recorded with a transmission spectrum, and the results are shown in Figure 6 . The diameter of the symmetrical taper structure fiber: D1=D2=D=25um, the taper interval L is 131mm, and the conical area L1=L2=10mm. It can be seen from the transmission spectrum that the transmission depth can reach 20dB and the transmission spectrum is stable in the range of free spectrum (1530-1570nm), the interference period is 4nm. Three different taper spacers (85mm, 131mm, 176mm) are produced by the above method. Figures  7 to 9 show the transmission spectrum different taper intervals. Since the taper interval of the cascade structure is different, the respective cycles are not the same. It can be seen from the figure that the taper interval is inversely proportional to the transmission spectrum period, the larger the cone interval, the smaller the transmission spectrum period. 
Cascade Bitaper forms an M-Z Interferometer
The M-Z interferometer was formed by welding with ZTT's single-mode fiber (G.652D, SM28, 8.3um/125um) in a commercial fiber splicer (Figure10). This paper presents a rapid welding method, cutting the middle fiber coating with a miller clamp. Wipe with alcohol and place it directly on the fusion splicer for manual extrusion welding. In order to get the ideal bitaper, we repeated the fusion splicer welding parameters to be modified, and finally get the effect of the obvious taper. Figure 11 is a photomicrograph of the coarse bitaper produced by this method. The diameter of the fiber cone is about 165um and the cone spacing is 105mm. Figure 12 shows its transmission spectrum. 
M-Z Interferometer Detects the Refractive Index
The M-Z interferometer of the cascade was inserted into the alcohol solution as shown in figure 13 . Light output of the sensor output expression:
When the external refractive index changes, the cladding mode light path will change, so the wavelength offset is deduced: Figure 14 shows the transmission spectra of 25%, 50% and 100% (corresponding refractive indices of 1.348, 1.358 and 1.366) . From the figure, we can see that when the alcohol concentration is 25%, the refractive index is 1.348, and the transmission spectrum curve shifts 1.44nm. When the alcohol concentration is 50%, the refractive index is 1.358, ; When the alcohol concentration is 100%, the refractive index is 1.366, the blue shift of the transmission spectrum curve is 3.60nm. 16 is a graph showing the relationship between the outside refractive index and the wavelength shift amount. From the figure 15, the sensitivity of the sensor is -119.5nm / RIU, and the refractive index and the wavelength shift have a good linear relationship. 
Fiber Loop Mirror Filter of a New M-Z Interferometer
The symmetrical cone structure M-Z filter is implanted into the annular cavity to form a new tunable filter cavity filter (Figure 16 ). The optical signal in the fiber ring is input from the port of the coupler, divided into two directions in the opposite direction, and the phase difference is generated by the polarization controller, finally return to the coupler will produce interference. The presence of the symmetric M-Z filter in the fiber ring cavity causes the incoherent superposition of the original output spectrum and the M-Z interference spectrum of the fiber ring cavity. A new tunable Sagnac fiber loop filter with a transmittance function can be written as: From the above equation can be drawn, the new fiber ring cavity filter is no longer a smooth sine wave curve, but in its original sine wave curve on the basis of superimposed by the M-Z interference caused by the sine wave curve. Figure 17 is a transmission spectrum of a new ring filter. When the rotation angle of the polarization controller is different, the peak value of the optical fiber annular cavity will change in a free spectral range. The peak wavelength is tunable.
The parameters of the new optical filter are as follows: core diameter of 8.3um, fiber outer diameter of 125um, ncore = 1.4677, ncald = 1.4633, L1=80mm, LB=3.1mm, L2=131mm, D=25um, the coupler has a splitting ratio of 1: 1. Before making the M-Z interferometer, remove the fiber coating between the two cone is about 131mm, cleaned with alcohol placed in the fiber drawing machine for drawing. The speed and time of drawing the fiber will affect the tapered structure. Studies have shown that, filter in 60nm free spectrum (1490nm-1550nm) range can be tuned, stable output waveform, modulation depth greater than 20dB, the structure optimized fiber loop mirror filter characteristics. 
Conclusion
Cascade fine taper and cascade bitaper can constitute M-Z interferometer, by a certain way will be packaged in both WDM systems will be widely used. Unpackaged cascade cone has wide application prospect in the field of refractive index, temperature and stress.
